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charge at Milwaukee to obtain, if possible, the desired 
information. Replies to his letter of in uiry were 

that of Master Bahle being given below: 
With the wind west and the weather clear we may have vapor or 

steam, &I we callit, part way or all the way &crow the lake. All 
depends on the difference in the temperature of the water and the air. 
During the early part of winter, eay in December, when the water is 
not the coldest. the weather will moderate as we reach the east shore 
or as we near the east shore and this will cause the steam (fog) tr, rise 
off the water entirely in  clouds and then mom may fall. I have seen 
this anywhere from the middle of the lake to the east shore. Later in 
the winter when the water becomes real cold and the air temperature 
my about 15' below zero on the west shore, the steam (fog) may reach 
the east shore and snow there also, the snow not extending out in the 
lake more than 2 or 3 miles. In other words, it does not snow when 
the steam (fog) makes. It starts to snow where the steam (fog) stops 
making and starts 

Masters 'Robertson and Van Dyke both wrote that 
steam or fog rising on the western shore of the lake 
means snow, on the eastern shore, and that these flurries 

received from Masters Bahle, Robertson, and gv an Dyke, 

riy in clouds entirely away from the water. 

axtend back 10 to 20 miles from the eastern shore, (LB a 
rule. 

The cold air from the west reaches Lake Michigan 
with a temperature considerably below freez' 

temperature of nearly 40' early in December and a 
proximately 32' during January and February. fi 
appears, therefore, that there is a layer of warmer air 
immediately over the lake under. these conditions, be' 
necessarily quite shallow along the western shore an Yi 
increasing in depth toward the east, and that convec- 
tional currents and turbulence set in, manifesting them- 
selves in the form of va or near the western shore, in the 

precipitation in the form of snow flurries where convection 
and turbulence are sufficient to produce it. 

The accompanying illustration by Mr. W. P. Da 
(p. 502) shows graphically the manner in which clou 2 s 
and precipitation are brought about.-C. L. Mitchell. 

sweeps out over the lake, the water of which TI as a 

formation of clouds fart R er out in thelake and, eventually, 

A SIMPLE FILLING APPARATUS FOR DEFINITE INFLATION OF PILOT BALLOONS. 
By R. C. LANE, Observer. 

[U. 8. Weather Bureau, Washlngton, D. C., Aug. 30,1921.1 
SYNOPSII. 

Indefinite an! definite in,flation ?i pilo.! bdlnnns .for neroln,girnI nhaer- 
r~atim.-'l'he rate of ascent at which pilot balloons rise in the free zir 
is determined from the formula 

where Vis the rate of ascent in mt&G er minute, b ia the free lift in 
pram of the inflated balloon, and L is t i e  total lift of the confined gi~. 
'i he character of the formula ia such that it is impracticable for the 
average observer to solve for either 1 or L, with respect to any given or 
desired value of V. Up to this time inflation can be defined as 
indqhitc,  wherein the rate of ascent has been dependent upon the 
weight and free lift of the inflated balloon, and the magnitude of the 
rate could not be controlIed b the observer except within narrow limila. 
Bymeans of the appazatuw &rein dcwribed the author makes a COII- 
venient and valuable transpoaition. wherein the free lift of the balloon 
for any desired rate of ascent is dependent upon the weiqht of the 
balloon and the rate of ascent selected. This provides a method of 
&Snit& inflation wherein the observer is able to select any rate of ascent 
suitable to the fancy or to the cuyent meteorological conditione, and 
inflate the balloon accordingly. rhe procees of inflation is thereby 
resolved to the equivalent mechanical operation of the methotl. earlier 
used. 

Since the earlier stages of pilot ballooii observation 
work, the need of some efficient apparatus for the inflation 

methods and after much 

- ._ 

1 The following interpretation is put upon the letter reproduced above: In Decemt er 
ahen the water is wanner than theoverlving air surface air wmin from the west be- 
cOmeS warmer as it passes mer the lake a id  gains distance toward t i e  east until finally 
It reaches a point ore< the lake when the contrast in temperature between air and water 
Is not sufficient to form fog. By this time, however. vertical convection has carried 
the moisture of the fog high enough to be condensed as snow and this is probaLlv the 
explanatlon of the statement-it does not anow when fog m m  it starts to snow khen 
the fog sto s making and starts to rise in clouds. 

Evident? there are times ab0 when the fog extends from ahore to shore; at )hem times 
there may xe snow on the east  EDITOR. 

the inflated balloon will just sustain: the total lift L, 
(w + 11, or the entire mass in grams that the confined 
gas will su port; and a constant 72, determined by a 
careful stu 2 y of numerous double-theodolite observatione. 
The formula expressing the rate of ascent was devised by 
the Meteorologxal Section of the Signal Corps, and is as 
follows : 

(1 ) V= 72(:)t. 
Pilot balloons are inflated according to either of two 

methods. One may be known as indefinite inflation, 
and the other as definite inflation. By the method 
of indefinite inflation the balloon is first weighed, then 
inflated with gas to near some articular diameter, 

the rate of ascent computed from these data by the 
formula. The resultin rate of ascent may be any odd 

venient rate of ascent is determined, the balloon is then 
weiahed, the amount of free lift necessary for that par- 
ticuear rate of ascent and weight is then determined, and 
the balloon inflated accordingly. 

Inflation by the definite method is superior to the 
indefinite since it enables one to inflate to any desired 
rate of ascent. In view of this fact, a rate of ascent of 
200 m./min. or any other rate in which the succeasive 
multiples end in one or more zeros, will materially increase 
the ease, speed, and accuracy of com utation in deter- 

servation point. Whether the computation be made by 
slide rule or by graphical means, the above statement is 
equally true. As an illustration, suppose the altitude of 
a balloon at  the end of some articular minute when 
inflated by the indefinite metho a is 3151 meters, and by ' 

definite inflation we have an altitude of 3300 meters for 
the corres ondin minute. The number 3300 can be set 
more quic!ky an% accurately on the slide rule than can 
the number 3151. Experience has proved that the definite 
idat ion method will not only insure accura 
but will truly ermit a higher quality of wor in eneral. 

definite inflation and is practically impossible without the 
aid of some s ecially designed apparatus. The character 
of the form& by which the rate of ascent is computed, 

the free lift of the inflated bal P oon measured, and 

value. By the metho % of definite idation, some con- 

mining the horizontal distance of the b s loon from the ob- 

T and 
Definite in 2 ation is more m c u l t  to attain &an in- 



is such that the free lift I ,  can be determined only by a 
laborious method too long and deep1 involved to ermit 

of ascent have been computed and on1 recently pub- 

by tlie United States Weather Bureau. 
The ecui ment necessarv for indefinite inflation con- 

a short length of soft and rather liable rubher tuging 
leading to a suitable nohzle upon w R ich the ha.1loons may 
be secured, all adapted to a de1icnt.e balance, nnd weights 
with which to determine the. weight, w, and lifting power, 
2, of t,he balloon. The nppnratus for definite inflation 
requires but lit-tle more. However, some n.lterat,ion in 
the equipment and a complete reversal of bhe operation 
are necessary. The hydrogen line imd nozzle must br 
carried to and iastdlecl upnn t,hc hdance. Extreme r : m  
must be iven to this instnllnt,ion so t .hd the smsit,iyity 
of tbe ha. P ance iiiay not, he int,erfered wit.h. An efficient 
filling nppnratus must, be b0t.h sendive and ncc.urnt,c-. 

The function of such an n paratus is to atknin the csart. 
amount of free lift for a ha1 r oon of given weight. so thnt, it. 
may ascend at  some preclet,ermined rate. Thc amount of 
free lift re uired corres onding to weight- and rnte of 

IogicaZ Observers. The remaining problem then is t,n 
bring the inflat.ion to that point., and is acconiplished by 
securing the balloon to the nozzle on one pan of the 
balance, establishin of the beam system or 
weighing of the a definite load to the 
same an of the the balloon is secured, 

of rapid application. Therefore, tab s es for selecte a rates 

lished ns Table 28, in Zn,atruction.s for Aero 7 .og.icai! Observers, 

sists of ! itt 'P e else than a hydrogen line terminatinm in 

ascent can B e found in Gable 28, Zmtrmt.i.ona for Aero- 

and a f lowing t,he gas to flow until equilibrium of heam 
system is aga.in established. 

The amount of necessary alterations' of. the bs '1 1 anre 
will depend upon the type of balance used in the regular 
observat,ion work. The ty e of balance used in pilot, 
balloon observations by t. R e United States Wen.ther 
Bureau is supplied by the Cont.rn1 Scientific Co. of Chicago. 
Ill., and is cntalogued as No. 652, "Dispensing and Solu- 
tion Scale." The method and apparatus developed in 
this paper require very little alteration of that balance, 
and may be IOU ed as (a) hydrogen line support, (b) 
nozzle assemb 5 -  y, CE: .e> free lift, scale bar. 

The hydrogen line su port consists of one end of t.he 
main hydro en line riai a ly secured to the bala.nce frame 
so that it coes K not &tract from t,he sensitivity of t-he 
beam system. The nozzle assembly consists of n suitable 
terminal of hydrogen line a fhed  t.0 the left hand pnn of 
the bnlnnce, upon which the balloon may be placed for 
inflation. The free-lift scale bar consists of a carefully 

under discussion 
moments of force on 

length of the arms of tlie balance beam to be (I m d  6 .  
Fig. 1. Now, since a. balloon inflated with h diogen will 
esert a lifting force, I (free lift), let us npp !7 y n weight, 
m, of sonie convenient, and known mass to the sanic nrni 
of t.he system. By rcference to Table 28, Znsfriictionn 

.for Acroh jca i !  Obeemws, it. will be seen that the e.lement 
I, will vary for t.he 
weight of t,he 
the difference between. 
applied mass, m, will 
known as T ,  t,he amount, of variat.ion to be accounted for 

of a simple lever. Suppose the 
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hy t,he free-lift scale ba.r and rider. Both I, and m, a.ct 
t'hrough t.lic arm n and oppositc to each other: the 
difference 1wt.wesn their working forces niensiires t,he 
milgniturlc of 7. Now, by the laws of t,he siinpie lever. 

(m - 7) a = r  h -  - - - - - - - .. - - - - - - - - - - - - - _ _  - - - - - - - - - - (3) 

In t.lie balance used, CI. and b are equal and mi ht  be fac- 

t,he ap aratus requires that they be retained. The ele- 
ment f is  found in Table 2 3 ,  already ment.ioned; and m 
will be m y  convenient weight., remaining the same for 
any one,rate of ascent; it  may be greater or less in mass 
thnn 1. 

To inflate a 15-gram balloon t.0 ascend at  n rate of 200 
ni./min. we require ti Iree lift, ir, Table 2S, Instnrctionsfor 
A ~ r o h g k d  Obso.rers, ol 161.1 grmis. 'rhe weight. of $11, 
designed for the 200 m./inin. rate is 300 gums. The 
difference between tshese forces a1nount.s to 35.9 pmia 
and acts through a distance of 10 centimeters from the 
fulcrum. Substituting these values in forniula (21, it  is 
obvious that 380.0 gmni-centimeters of force must be 
added to tshe aim b in order to establish e uilibrium 

woul f be necessary to place B mnss of 38.9 grams upon 
the p m  at the end of arm b, but hy t,he method under 

tored out of the equation, but the final deve B opment of 

t hou  hout the system. T'l'ith an unaltered ;f dance it 

FIG. l.-'+liemntle rlra\?'inp shmvin!: llic priiiriplr of the simple lever as applied to the 
free lift m d  rider sdjiatmenta used in overcoming the moment of a constant mass. 

development, the entire operation is mechanical and no 
attention need be given to the deduction of differences, 
nor to the selection of weight to satisfy the force rj thus 
t8wo sources of error !Ire eliminated. In  this respect the 
ap aratus is automatic. 

$ i r  2 shows the ttrmngement of the a paratus. 

line support inserted through a hole in the  base castin 
The assembled support consists of a piece of +inc 
brass rod 7 inches long, wit,h $-inch pipe thread on 
one end. On this threaded end of support is screwed R 
3-inch brass T, carrying a short piece of #-inch pipe 011 
one side, and a three-way sto cock and reducer on the 

of the balance and secured by means of R set screw. 
The nozzle assemblj- consists of a specially designed 

brass L. One ann of the L is estended through the 
bend t,o ternzinate in screw and nut. On the opposite 
end is pla.ced n wooden nozzle about 2 inches in diameter 
on which the halloon is secured. The reinainino arm of 
the L is fitted with a reducer. The tlirendc8 and of 
assembly is then passed through a liole in t,he center of 
t,he Iefbhand scalc pan and secured by aid of the nut. 
The reduced portions of the L and the three-way sto 
cock are then connected with a 15-inch piece of g-inc 
soft rubber tubing. 

The free-lift scale bar consist8 of a brass bar 163" by 
)" by &", carefully milled and graduated, and carries a 
20-gram rider. Two holes A inch and countersunk are 

The nlance in standard use is provided with a Y iydrogen 

% 

ot.her. The post of the assem ?I ly is inserted in the base 

K 
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9 . 
15 .......... 
16 .......... 
17 .......... 
18 .......... 
1Y .......... 
3 .......... 
21 .......... 
22 .......... 
3 .......... 
21 .......... 
25 .......... 
26 .......... 
25 .......... 
2% .......... 
%I .......... 
30 .......... 
31 ........... 
32 .......... 
33 .......... 
34 .......... 
35 .......... 
36 .......... 
3 i  .......... 
39 .......... 
40 .......... 
41 .......... 
4 .......... 
43 .......... 
44 .......... 
45 .......... 
46 .......... 
47 .......... 
4.9 .......... 
49 .......... 
50 .......... 
51 .......... 
52 .......... 
.53 .......... 
M .......... 

38 .......... 

drilled through the bar 3 inches bn either side from the 
mid-point for securing the bar to the beam system of the 
balance in lace of the 10-gram graduated beam with 

with the arrangement of t lis bar niay be considered the 
support for the weight. 7n. for tlie magnitude of the 
weight will affect . the position of tho graduations on the 
bar . This support mtty consist of a ring or hook on the 
underside of and in line with the knife edge of the left- 
hand scale pan; or the supporting hook ma) be ent. irrly 
dispensed wit. li aiid the wcbiglit 7n so fashioned that! when 
it is laced on the upper side and in the center of the pan 

The mass of the weight. in .  to be used for any onc par- 
ticular rate of ascent should be near t. he niean of t. lie free 
lifts for the maximuni and nzinimum weights of balloons 
t.hat are likely to be inflated to that rate of ascent .. 
I3'it-h a rate of 300 ni./niin. for weights of balloons from 
16 granis to SO grmis. inclusive. it  was found that a niass 
of 200 grams was best adapt. ed for the weidit i n  . For 
inflat.ions to a rate of ISO m./niin. for &e limits of 
weight from 16 to SO grams . a maSs of 190 granis semis 
best for the weight.. m . Tho free lift . scale for 200 
m./min. and lS0 m./min. rates have been graduated 
accordingly . Using weights of those magnitudes enables 
us to confine t.he length of scale bars to 16 inches and 144 . 
inches. respect. ivel , with about half of t. he raduat. ions 
on eit. her side of t! 1 e mid-point of t.he bar . f t  is hardly 
pra.cbicable to use a weight of 300 grams for the 1SO 
m./min. rat.e for the iiecessary length of the bar would 
be greatly incrcased; a hnr 37 inches long would be 
re uired . 

%he positions for each graduation on the scale bar 
were determined by a special method of cornputatSon . 
For the various weights of a balloon from 15 to SO 
grams, inclusive, the amount of free lift necessq- to 

ive the articular rate of ascent was worked out to the 

after reducing and checkinF.gave the result under e of 
the accompanying t.able . bince w e i g h  of 140 grams 
and 200 grams had been selected as the inass of m, for 
rates of ascent of-lSO and 200 ni./min., respectively. 
and since these weights were always to be used for those 

articular rat. es of ascent. t.liere would be a difference 
tetween these masses and the free lift for the various 
weights of balloons . The third and seventh columns. 
headed 10 (140-Z) and 10 (300-Z) give these differences 
reduced to gram-centimeters of force for the 180 and the 
200 rate. respectively . 

It was decided that a 20-grm rider was the most con- 
venient size to be used since the scale graduations codd 
then be included within the extremities of a bar 163 
inches long with an average distance of 11.0 millimeters 
between each gram division . Therefore. to determine 
the osition on the scale bar for the rider. so that it 
wou fp d overcome the difference in moments of force. it  
would be necessary to divide that number into the 
difference . Substituting these values in formula (2). 
and solving for b we obtain the distance from the mid- 
point of free lift scale bar that the rider must be placed 
to overcome the difierence in moments of force . The 
last two columns of the table under each rate of 160 
m./min. and 300 m./min. give the position or dis- 
tances of graduates from the mid point of bar for the 
corresponduig weights of balloons . These distances are 
'ven in the table both in millinieters and in inches . 

%ether the graduations will be placed to the right or 

Y which the E dance is ori indly equipped . Associated 

it wi P 1 fit closely about t.he st. em of the nozzle nssenibl-y . 

fract. iona f part of a gram in the third place . These data 

I 
I 

to the left of the mid-point of the bar is determined by 
the character of the difference in the moments of force . 
If its moments of the free lift are Zess than the moments 
of the weight m. then the difference in moments between 
these two must be added to the right hand an to estab- 

again if t. he moments of the free lift are more than the 
moments of the weight m. the applied m-eight m . will be 
insufficient to measure that amount of free l i f t  and the 
difference in moments must be added to the left hand 

Therefore. let the minus signs of 
gable 1. indicate values to the left of the mid point of 
scale bar . The free lift scale bar in figure 2 is raduated 

the data for graduating the free-lift scde bar for rates 
of 1SO m./min. m d  300 m./min. in both English and 
metsric unit.s . 

lid1 equilibrium when the balloon is inflatec P to that lift; 

an of the balance . 

for an ascensioiiril rate of 200 m./min. Tab I e 1 gives 

115.19 
11845 
117.71 
111.03 uo.?2 
121.43 
1'22.66 
123.a 
125.01 
126.1s 
1si.33 
1'23.45 
lZJ.87 1w.w 
131 . i 7  
332.,% 
133.97 
13LOi 

TABLE l . - N i ~ o i ~ i n ~  dis!nirce of gmd~catioiu from mid point of frec-lvt 
s c d e  har. for asrtxs.innn1 ra ta  of 180 mid 200 tne:ers per mn.itte. 

2&\1 
05.5  
222.9 
209.7 
19i.s 
185.7 
173.4 
161.4 
149.9 
139.2 
1 x 7  
115.5 
1111.3 
03.1 
>S2.3 
i 1 . 4  
60.3 
9 . 4  

... .- ..... .... ....... ............ 

1 Rate 1!4 melew per miniite . 

iii.45 
104% 
Y8.90 
92.85 
M.70 
50.70 
74.95 

63.35 
87.75 
52.15 
46.55 
41.15 
35.70 
30.15' 
24.70 
19.m 

tm . in  

LOG 
C14 
3.m 
3.65 
3.41 
3.18 
R9.5 

3.49 
2.27 
2.05 
1 ..% 
1.62 
1.41 
1.19 . 9X . 77 

2.72 

.... 
14.15 
Y.W 
3 . a  

. 1.50 

. 6.55 . 11.60 

Pnsitinn nI 
rider . 

.......... ._ 

.. . 56 . 35 . 1s - . 06 - .%I - . 46 

163.40 
156 . 50 
149.70 
143.15 
136 . 50 
130.25 
1% . 05 
117 . i 5  

158.24 
139.22 
140.30 
141.31 
142.32 
143.33 
144.35 
145.36 
16.35 
147.31 
14431 
149.30 
15o.s 
151.21 
152 . IS 

6.43 
ti . 16 
5 . w 
5.64 
5.35 
5 . 13 
4.m 
4.64 

17.6 
i .7 

- 3.0 
- 13.1 - 21.2 - 33.3 - 43.5 
- 53.ti 
- G3.5 
- 73.1 - 8.1 - 93.0 
-102.6 
..I12 . 1 
-121 . S 

. 16.65 

. 21.75 

. 1.30 . 31.75 . 36.55 

. 41.55 

. 46.50 

. 51.30 

. x.05 

. m.Y0 
' 65.68 
. i n  . .m 

. . 60 
- . <% 
- 1.05 
- 1.25 - 1.44 - 1.64 - I ..33 
- 2.03 
- 2.22 
- 2.40 
- 2.58 
- 2.76 

1Wl . 75 
167 . W 
lGS.4Ij 

li0.W 
170 . Y7 
171 . .hO 

i ~ x ~  30 

. lOi.15 . 111.75 

. 116.35 

. 120.75 

. 15.1:  

. 129 ..io . 1 D  . 75 

. 137.95 
-Y>7 . 5 
-275.9 
-2.9.6 

-300.9 
-3O.l. 7 
-31% U 

-293 . n 

... . 4 .!E . 4.40 . 4.5s 
. 4.75 . 4.93 . 6.10 
. 5.27 
. 5.43 

. i:iIcj 
191 . UO 

, 163.25 
167.50 

. 142.21) . 5.M 

. 14ti.3I - 5.77 
1 x 1  . 4.5 - 5 . fl3 
. a l l j  
. 6.26 
- 6.43 - 6.59 
I 

...... ..... .- .. - ..... 
Rale 200 meters per minute . 

Free lilt 
( 1 )  

9 . 
161 . W 
16 2. 73 
164.3~1 
165 . 77 
lG7.27 
16% m 
170.3 
171.72 
173.17 
174.57 
175 . W 
177.35 
1iY . 70 
1w . 07 
181.43 
152.- 72 
1M.M 
1 s  . 3s 1w.m 
18.93 
189.2< 
190.60 
191 . ss 
193.13 
194.w 
195.60 
196 . .w 
19s . 11 
199.33 
%I. 51 

W? I 

m . 39 m . 59 
%I% 76 
300.92 
211.07 
212.19 
213.32 
214.4 
215.54 
211.64 
217.75 
21s . 87 
219.94 

'-2.10 
223.19 
n 4  . I 
23.35 
?S . 42 

2% 55 
2% . 5s 
23ll . 01 
231.64 
232 . Ijy, 
233 . i n  
2335.73 
235.75 
236.77. 
237.77 
23% 78 
39.79 

2111.09 

m . a3 
20 5. m 

2.1 . (I2 

?n . 49 

- 

_ .... 
IO 1 Position of . 

.%I'J, rlder . 
-1- 

104.5s 
372.7 m . 3 5  
357 0 l i s 5 0  
~ i . 3  I 1i1.15 
325.3 163.65 
313.1 156.55 
297.7 143.85 
2%3.8 141.40 
%S3 I 134.15 

I j mm . 

15.80 

3 . 1  
. 5.1 - 2.55 
. 16.Y I- S.45 - 2&8 I- 14.40 
. 40.3 - m.15 
- 5 - 0  2300 . & 9  1: 31195 
. 75 Y - 37.95 
. S7:6 I- 43.W . 96.2 4Y.60 

-121:9 I- 60.95 
-133.2 .- lx.60 
-1443 72.15 
-155.4 I: 77.70 

-177 5 - S4.75 
- 1 d 7  1- 94.36 
-199.4 1-  M.70 

E! i 9.45 

-110 7 1: 55.35 

-166.4 I- M.20 

- 2 3 . 5  ' 126.75 

-274.9 1- 13i.45 
-2S.S ;- 14?.i5 
-29.5. S - 147 . 90 
..X6 . I - 153.05 
-316.4 I- 155.20 
-2m.G ;- 163.30 
-3S7.0 16% . 3l 
-34i.3 1: 173.65 
.&5 7.5 ;- 17R 75 
- % 7 i  lWS5 
-377'7 1: 
-387:s I- 193.90 

- m . z  I: l a i n  

.3Qi . 9  1- 19895 

. 
in . 

7.68 
7.35 
7.04 
6.74 
6.45 
0.16 
5.96 
5.57 
5.29 
5.01 
4.71 
4.46 
4.19 
3.82 
3.68 
3.40 
3.14 
2.88 
?.63 
2.37 
211 
1.85 
1 .Bo 
1.35 
1.11 
.87 
.62 
.37 
.13 

- .10  
-.33 
- . 5 6  
-.79 
-1.02 
-1.28 
-1.49 
-1.72 
-1.95 
-2.18 
-2.40 
-2.62 
-2 . .54 
-3.08 
-3.28 
-3.49 
-3.71 
-3.93 
-4.14 
-4.35 
-4.54 
-4.7% 
-4.99 
-5.20 
-5.41 - 5 . 62 
.. 5. .% 
-6 . a3 
-6.23 
-6 . 4.3 
-6.63 
-6.84 
-7.04 
-7.24 
-7.44 
-7.63 
-7.83 - 
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aduating the free-lit scale bar to conform to the 
free ?if ts of balloons of various rates, this type of balance 
may be readily adapted to any ascensional rate, computed 
by any of the various formulas of the rate of ascent. 
Aside from the graduation of the free-lift scale bar, it is 
only newsar  the weight m to a mass nf 

free lifts desired to bo attained. 
The best adjustment of the apparatus to give the 

greatest sensitivity and insure the greatest, accuracy con- 
sists of the followin The hydrogen line support is set 
in the base of the falance on the back side, with the 
three-way stopcock toward the left-hand an so that 

connection on the nozzle assembly. The reduced arm 
of the nozzle assembly should be directed toward the 
fulcrum of the balance and about parallel with the three- 
way stopcock. When tho &-inch rubbcr tubing iu 

' placed over the reducer and connected to the brass L 
it will then be supported mainly by t.he three-way sto - 

balance will 've a very slight torsion upon thu 15-inch 

some of the most sensitive ba ances are constmcted. 
The free-lift scale bar should bo arranged so that tho inid 

oint of the bar is coincident with the fulcrum of t1-i~ 
eam system. 
In order to establish equilibrium throughout the beam 

s tem, it will be necessary to add a sniall aniount of Gt to the right-hand pan of the balance to countwact 
the weight of the nozzle assembly. A s ecisl recess, or 
basin, in the center of each pan is provi a ed for this pur- 
pose. "he h e r  adjustments of equilibrium can be made 
with the counte oise weight mounted in the stein of the 

Using a filling a paratus to inflate to a definite rate 

attached the hydrogen line to the short length of &inc 1 
pipe on the hydrogen lhio support, figure 2, see that the 
three-wa sto cock is open to admit the gas to pass to 
the nozzye. !hen move the rider to the mid point of 
the free-lift scale bar, and see that the weight m is ro- 
moved from the beam system. With the apparatus 
thus set, see that the beam system is in equilibrium and 
oscillates freely when 'unloaded; the counterpoise weight 
over the fulcrum will assist in this o eration. This final 

After folding and rolling the balloon to expel the resid- 
ual air, as explained in section 3, of Imtrucliions for 
Aero10 ' a1 Observers, under InJation, stretch the neck 
over g r i m  of the nozzle and lay the rolled ortion of 

tion of the balloon should not be allowed to hang over 
the edge of the pan. Wei h the balloon by lacing the 

to make u 
about one-h 9 f the sum o P the maximum and minimum 

the reduced part is elevated from 3 to 1 inc !I above the 

cock, and any movement due to the oscillation of t f t? 
length of rub % er tubing, the ver principle upon which 

E 
? 

indicator over t T e fulcrum of the beam. 

of ascent is pure P y a mechanical operation. Havinp 

ad'ustment should be tested for, an i made if necessary, 
be 1 ore each balloon is inflated. 

the balloon over the vent of the nozzle. The P oose por- 

small weights 'upon the rig&-hand pan of the Yl alance, at  

the same time noting that the 20 am rider is set with 
the index over the mid oint of % t e free-lit scale bar. 
Caution: To determine %e accurate weight of the bal- 
loon, the weight m must be removed from the left-hand 
pan of the balance and the 20- am rider must be set 
on the mid oint of the scale I? ar. After determining 

corresponding aduations on the free-lift scale bar, 

attach the weight m. The setting is now complete for 
the definite inflation of that weight of balloon. For 
example, suppose that a balloon to be inflated to 200 
m./min. was found to weigh 37 grams. The weights, 
by which the mass of the balloon was Beterniined would 
be removed from the right-hand pan of the balance, 
the weight .m (200 grams) would be laced in its desig- 
nated position, and the rider would t E en be moved from 
its position a t  the mid point of the free-lift scaltle bar to 
the division 37. idee fig. 3.1 The filling apparatus 
would then be set for the definite inflation of 200 m./min. 
for a balloon weighing 37 grams. 

The application of the weight m will depress the left- 
hand pan of the balance and offer 2,000 gram-centimeters 
of force resistance to that side of the beam system. To 
support this weight i t  would require an inflation amount- 
ing to 200 grams free lift, but, b reference to Table 1, 
we need but 191.88 grams free li H t to inflate a balloon 
weighing 37 ams to a rate of 300 millimeters. Thus, 

overcome with the 20-gram rider. Now then by moving 
this rider to a position 40.6 millimeters (or 1.60 inches) to 
the right of mid-point of free-lift scale bar, the difference 
in moments of force would be accounted for. * 

When these settings are complete, the gas is turned on 
a t  the tank until e uilibriuin of the beaili system is again 

is admitted to the balloon, the excess may be removed y 
opening the t\hree-way stop cock, allowing it to escape 
into the air. The pressure of the gas in the balloon mll 
be sufficient to drive out the excess, thus allowing a close 
adjustment of equilibrium of forces. The balloon is now 
sealed as instructed in Section 3 of Instructionsfor Aero- 
logical Observers under Sealing, and is in readiness for the 
observation. 

A study of the sensitivity of the balance has shown i t  
to be 1/10 gram or less. It is obvious that closer measure- 
ments of free lift can be made with the filling apparatus 
than is being made by the method of indefinite inflation. 
By the latter method, weights and free lifts are made only 
to the nearest whole gram, but by the definite method the 
graduations of the free-lift scale bar have been worked 
out to the hundredth part of a gram and graduated ac- 
cordingly. Thus for a balloon of given weight one is 
enabled to inflate it to the nearest hundredth of a gram 
of free lift to attain a definite rate of ascent. 

the weight o P the bdlooii in grams, move the rider to the 

remove the sma T 1 weights from the right-hand pan, and 

we have a di f erence of 81.2 gram-centimeters of force to 

% established, then t 1 e gas is turned off. If too much as 
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FIQ. 2.-Filling sppewtus with unhaated ballocmattached. 


